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A survey of catfish producers by the United Stares Department of Agriculture, Centers for 
Epidemiology and Animal Health (CEAH) in 1996 indicated that the two primary sources of 
catfish losses in commercial operations were disease (45%) and wildlife (37%) (CEAH 1997a). 
A variety of avian and mamma!ian predators are amracred to aquacul~ure facilities in the Unired 
States (Parkhurs: er al. 1992) because ponds and open raceways provide a constant and readily 
accessible food supply for tkese animals. However, the mere presence of these predators arcund 
aquaculture faciliries does not necessarily mem t h a ~  significant depredation problems are 
occurring. Ar cat5sh farms, r h e e  species or species groups of birds are primarily cired by catfish 
producers as causing most depredation problems (Wywialowski 1999). These include double- 
crested cormorants, wading birds (herons and egrets), and American white pelicans, in order of 
imponmce to carrish producers (%"ywialowski 19993. Alrhough all of these species consume 
carfish, their biology. d i s ~ i b ~ ~ i o n ,  and dietay preferences dicxare the extent of depredation 
problems they cause a d  the approaches needed to alleviate their depredations. Wit!! the 
excepiion of total bird ex~lusion from ponds, there are no simple solurions for resolving all bird 
FIGURE 16.1. Dou ble-crested cormoran t .  
depredation problems in catfish aquaculture Thus, in most cases, an integrated management 
approach to alleviating bird depredations must be considered 
16.2 DOUBLE-CRESTED CORMORANTS 
The double-crested cormorant Phalacrocorax auritus (Fig. 16.1) is part of a group of cosmo- 
polltan seabirds that are highly adapted to foraging on fish in open waters. Of six species of 
cormorants occurring inNorth America, it is the only one to occur in large numbers in the interior 
and on the coasts (Hatch and Weseloh 1999). Because of its adaptation to fishing, the double- 
crested cormorant has long been perceived to conflict with sport and commercial fishing interests 
(Meister and GramIich 1967), but its conflict with aquaculture has more recently coincided with 
the development of extensive areas of large ponds associated with catfish farming in the United 
States (Glahn and Stickley 1995). 
16.2.1 Identification and biology 
The double-crested cormorant is a mostly black, goose-Iike bird with a hooked bill (Stickley 
1990). The double-crested cormorant is about 80 cm (ca. 30 inches) in length and weighs about 
2.3 kg (5 pounds). Similar looking birds include the anh~ngadnhinga n h i n p  and the neotropic 
cormorant Phalacrocorax brasilianzrs (Johnsgard 1993). Although the anhingaoccurs throughout 
the Gulf stales in the summer, it has a longer, ~o in ted  bill and silvery wh i~e  streaks on rhe wings 
and back. The smaller neotropic cormorant occurs only along the Gulf coast and has white 
1 6 . 2 2  Distributiori and numbers  
Double-cies:ed connormis are widely distributed throughou: N o r h  America (Hatch and Weseloh 
1999). Most of the double-crested cormorants that affect southern catfish producers breed easr 
ofthe Rocky Mountains, primarily from the Great L k e s  through central Canada (Dolbeer 199 1). 
However, small breeding colonies have recently been documenled in Mississippi (Reinhold et al. 
1993) and Arkansas (Thurmond Booth, USD.&Wildlife Services, Little Rock, .Arkansas, personal 
communication). Up to 70% of the breeding cormorants bmded at nesting colonies from 
Saskatchewar! through the Great Lakes prior to 1958 were recovered in the Lower Mississippi 
River Valley and there was no apparenI "focal point" of breeding birds that conflict with southern 
aquaculture (Dolbeer 199 1). 
Although cormorant breeding populations were suppressed prior to 1970, populations have 
increased by 1,000% since that time and are now estimated between 1 and 2 million birds (Hatch 
1995; Tyson et al. 1999). Factors contributing to this resurgence include the reduction of 
persistent pesticides in the environment, increased protection under the 1972 Migratory Bird 
Treaty Act, and increased food availability of alewife Aloso psuedohurengzu on their nonhcrn 
breeding grounds and ca~fish on their southern wintering grounds (Glahn et al. 2000a). 
Dramatic increases in the number of cormorants recorded on their wintering grounds in the 
southern United States has accompanied the resurgence in breeding populations and the growth 
of the catfish industry during the 1980s (Glahn and Stickley 1995; Jackson and Jackson 1995) 
In the catfish production region ofnorthwesr Mississippi, cormorant numbers recorded horn roost 
counts have more than doi~bled in recent years from approximately 30,000 birds in 1990 to over 
67,000 in 1998 ( G l a h  et al 2000b). Cormorant numbers have remained approximately at 1998 
levels through 2003 (Greg Ellis, USDA-Wildlife Services, Stoneville, Mississippi, personal 
communication). Less is known about wintering cormorants in other catfish production areas, but 
recent counts of roosting birds suggest populations of approximately 10,000 birds inhabit the 
riipidiy expanding aquacul~ure region of 2 3 s ~  hlississippi and west Alabama (Glahn et al. 2000a). 
In rhe catfish production region of Arkansas, censuses in February 2000 revealed 50,000 
cormorants roosting in several diffirent sites (Glahn et al. 2000a). Despite the value of these 
census data as indices to potentral conflicts, little is known about overall cormorant populations 
that might utilize catfish production areas throughout the winter months. However, cormorant 
banding data suggest rhat approximately 120,000 birds moved through the lower blississippi 
Valley in 1989 (Dolbeer 1990). Considering the irrcreased breeding populations since that time, 
t h s  number may hzve more than doubled (Glahn et al. 2000a). 
His:orically, cormorants arrived o n  heir wintering grounds in November and depamd by 
mid-A4pnl (-4deman and Hiil 1995). Appreciable numbers now arrive in September m d  do no1 
16.1.3 Diet and depredation problems 
Corinoraz?. depredations on  cztfish a x  a vvldesprzad problem. In a 1996 survey of c a ; ? ~ h  
producers; depredations by cormorants were cited by 77% of Mississippi producers, 66% of 
Arkansas producers, and 50% of Alabama producers (Wyyialowski 1999). Thc main prob!ems 
reported were cormorants feeding on catfish, injuring catfish, and disturbing feeding patterns of 
catfish (Wywialowski 1999). Although impacts from injuring and d~sturhing catfish havc not been 
documented, observational studies have providcd concrete evidence of cormorants consuming 
large numbers of live catfish. In Florida: the smaller taxonomic race of cormorants that reside 
there were observed consuming catfish fingerlings ai a laic of 19 fiilgar1ingslbil.d per day, or 
approximately 304 g (0.67 pounds) oicatfishibird per day (Schramm et al. 1984). With the larger 
race of cormorant in Mississippi. Stickley et al. (1992) found that cormor-ants consumed an 
average of 5 catfish per cormorant-hour of foraging. Based on this rate of catfish consumption 
and an average popuiation of 30 cormorants utii~zing catfish ponds, Stickley et al. (1992) 
estimated that half of a fingerling pond populaiion stocked with 5 1,000 fishlha (ca. 2 1 :000 
fish/acre) would be depleted in 167 days. 
Food habits studies have also documented the prevalence of catfish in the diet of cormorants 
wintering in the catfish production region of northwest Mississippi (Glahn et a]. 1995). Of 461 
cormorants collected from night roosts during the winters of 1989-90 and 1990-91, catfish 
comprised about halfof the cormorant diet by weight. The diet of202 birds collected from catfish 
farms showed only a sllghtly higher percentage of catfish. Gizzard shad Dorosoma cepedianzim 
comprised most of the remaining diet in each collection. Analysis of data from roost collections 
suggested that catfish were most often consumed during the spring from cormorants roosting in 
close proximity to concentrations of catfish farms. In dbntrast, very few catfish were consumed 
during the early winter or by cormorants roosring close to expansive natural wetlands along the 
Mississippi River. Catfish consumed by cormorants averaged approximately 16 crn (6.3 inches), 
and almost 70% of all catfish consumed were stocker-size catfish ranging from 10 to 30 crn (ca. 
4 to 8 inches) (Glahn et al. 1995). 
Based on cormorant populadons; their diet, and physiological parameters, a bioenergetics 
model was constructed to estimate the overall removal of catfish by cormorants roosdng in Lbe 
carfish production region of northwest Mississippi during the winrers of 1989-90 and 1990-9 1 
(Glahn and Brugger 1995). This modei projecred that cormorants consumed from 18 to 20 million 
catfish fingerlings per winter, or approximately 4% of the estimated available fingerlings in the 
region. Because of increasing populations and shifts in the diet towards more ca~fish in the spring, 
more than half of the catfish losses occurred during February and March of each year. Using 
updated population esrima~es, recent projections from this mode! suggest that carfish losses 
during h e  winters of 1997-95 and 1995-99 ranged fiorn 17 to 48 mi1Iion carfish fingerlings 
,yere nor used i n  the analysis. 
-- 
mean 250 9 1 56.0 6 i . 0  
-- - -- 
" Thz r u m b c r  of  fish losr was caiculared as the C:iftrznce In number of  fish inventsried from spiit pond h a h c s  w:th 
. ~ 
and witli.ou[ cormorant predation. 
During this trial, ponds did not  experience disease outbreaks end cormorants werz observed to fez6 onL'buffer prty" 
in  equal proportion to catiish 
' During h i s  triai, ponds suffered modtrace disease problems and cormorants were rare!y observed to fied on " b u i k r  
prey." 
annually, with greatest !osses occurring in March (Glahn et a]. 2000b). Eased on physiological 
parameters, cormorant fish consumption was estimated to be 500 glbird per day (1.1 pounds/bird 
psi  day). This is consistent with recent studies in which two groups of captive cormorants 
consumed from 5 16 to 605 g (1 .14  to 1.34 pounds) of catfisldbird per day from research ponds, 
or the equivalent of ten 18-cm (7-inch) fingerlingslbird per day (Glahn and D o n  2002). 
, T o  examine the impact of  cormorant depredations on production iosses at harvest, Glahn and 
Dorr (2002) conducted a controlled foraging experiment with captive cormorants on research 
ponds. Each of six. 0.04-ha (0. I -acre) ponds were split in half and each pond-half stocked with 
15- to 18-cn~ (6- to 7-inch) catfish ringerlings at a rate of  12,355 f i s h h a  (5,000 fish/acre) using 
a single-batch cropping system. In  addition, ponds were stocked with 5 kg ( 1  1 poiuids) of golden 
shiners iVol~./nigon~(.i. C I Y S O / C Z I C L ~ . T  to serve as a gizzard shad sprrogate and to he!p simulate diet 
conlposition of cormorants in the field. After protecting half of' each o f  these ponds with netting, 
one cormorant was allowed to tbrage from each 0.O'-ha (0.05-acre) unprotected pond-half for 1 O 
consecutive days. Cormorant feeding activity in this study was designed to simulate the average 
number o f  cormorants (30) observed by Stickley et al. (1992) on a commercial 6-ha (15-acre) 
pond for 100 days (500 cormorant-daysAla, or ca. 200 cornlorant-dayslacre). Following the 
predation period in February, fish were rnai~tained in pond halves for 7.5 months ~ising satiation 
ked ing  and were completely inventoried when they reached harvestable size 
'The res i ! !~  of this experiment represent the only available infornlation on  the effects of 
cormorant predation o n  c a d s h  production losses ac hargesr (Table 16.1). Two ponds experienced 
severe disease outbreaks that devastated the ca:fish population (>64% mortaliry) and did not 
produce usable data. Two ponds had almost no mortdity from disease, and cormorants preying 
on both catfish and shiners consumed approxil';?arely 7 ca~fishlbird per day resulting in an average 
30% decline in catfish numbers, relarive to i~ventor ies  from the protected pond halves. Ar a 
16.2.4 Economics of depredation 
The economics of  cormorant depreda!ions has been approached by several methods and at 
different scaies. At an indusrry scale, \Vywialowski ( 1  999) uscd a nationwide producer survey 
to calculate a $12 million loss to catfish producers from all wildlife, including cormorants. 
However, the extent that producers can estimate t!leir loss to cormorants is questionable (Glahn 
et al. 2002a). 
To obtain more objective information on a regional scale, Glahn and Brugger (1995) used 
bioenergetic modeling to project that cormorants wintering in the catfish production region of 
nolqhwest Mississippi were costing producers approximately $2 million annually. Based on 
increasing cormorant populations observed in recent years, Glahn et al. (2000b) updated this 
figure to approximately $5 million. However, these losses only considered replacement cost of 
these fish at the time that predation occurred. Although this may come close to estimating the cost 
ofdepredations on fingerling ponds, it does not reflect potential production losses from grow-out 
ponds at harvest. 
Considering a 30% depredation loss of 75,000 fingerlings from a 6-ha (1 5-acre) grow-out 
pond (Glahn and Dorr 2002), the replacement value of these 22,000 fingerlings removed by 
cormorants has been estimated to be approximately $2,200. However, the 20% biomass loss of 
these fish at harvest of 6,800 kg (15,000 pounds) would be valued at $10,500 ($1.54/kg, or 
$0.70lpound), or five times the value of fingerlings lost: Assuming this ratio is approximateiy 
correct and that most depredations occur primarily at grow-out ponds, economic losses from 
cormorant depredations to northwest Mississippi farmers may actually approach $25 million; i.e., 
5 times replacement cost projections by Glahn et al. (2000a). 
m 
1 o examine economic eftects of cormorant depredations on farm profits, Glahn et al. (2002a) 
developed an enterprise budget that assumed a 20% product~on loss from depredation for a 6-ha 
(1 5-acre) pond using a single-batch c ropping~ysmn stocked with 12,355 fishiha (5,000 fisNacre) 
(Table 16.2). Assuming a 20% reduction in gross revenue from production losses, as well as 
reductions in COSTS of feed and harvesting, profits of $1,189/ha ($45 ]/acre) withou~ cormorant 
predation were decreased by 1 1 1 %, to - $ 1  ; 2,%a (- $53iacre). Thus, cormoranr depredarion losses 
observed under experimental condirions (Glahn and DOE 2002) can be pariicularly devastating 
to farm profits. This is because of rather narrow profit margins in the ca~fish indus~ql when both 
variable (e.g., feed) and ownership (z.,o.,  pond maintemnce) costs are considered (Table 1 0.3). 
TABLE 1 6 . 2 .  E n ~ t r a r s s  b u d z e r  w i r : ~  a n d  w i t h o u t  co r ; r , g ranc  p r e d a t l g n  s imu!3 i in=  3 0  c o r r n o r a n c - d a y s % s  
;or o n e ,  6-id i ~ o d h h  pond  us l ag  3 sinz!e-baccb c r o p p i n 2  sy5tem s tocked  a t  17,355 iishi 'na. O t h e r  v s r i a b l s  
:zs i j  inciiids [:he cose of f i cge r l ings ,  l a b o r ,  r n > n a g e m e n t ;  t r a c t o r  f u s l  a n d  m 3 i n t z n a n c e  e iecrr ic i ry  f o r  ae ra i ion ,  
;+eii ope ra r ion ,vsh ic !e  r e p a i r s  a n d  m a i n t e n a n c e :  d i sease  and  p r e d 3 t i o n  c o n t r o l ,  a n d  office costs  a n d  supp l i e s .  
O t ~ n e r s h i p  CosIj a r e  a n n u a l  p r o r a r ? d  co j r s  o f  d e ? r e c i a t i o n ,  i n r e r e j t  on ~ n v e s t m s n t s ,  t axes  a n d  i n s u r s n c e .  
S a u r c e :  G l a h n  er ai. (2001-3). 
Income above  variable cos:s 1 2 , 8 2 4  20,845 
Ownersh ip  costs 
Total cos t s  
Net rerilrn (orof i ts) -502 7,219 
16.2.5 Prevention and control of depredations 
A!lzviating cormorant depredations involves employing one or a combination of three basic 
strategies: I) physically separating birds from fish, 2) managing the birds responsible for the 
damage, and 3) modifying fish culture practices (Glahn et al. 2000a). 
Exclusion-the physical separation of birds from the fish--entails erecting and maintaining 
fences, nets, or other barriers. Although total separation may not be practical, various barrier 
techniques [nay serve to limit cormorant access to ponds or to the fish in those ponds (Littauer 
et al. 1997). Supported netting, the only completely effective method of excluding cormorants, 
appears impractical because typical catfish farm levees are n0.t wide enough to accommodate 
suppon structures and still allow vehicle access (Mott and Boyd 1995). Plastic and wire grids 
over catfish ponds can deter cormorant flocks from landing and taking off, but do not necessarily 
exclude individual birds (Barlow and Bock 1954; Moerbeek et al. 1957). 
Some success with simple parallel overhead wires, spaced on 8-m (ca. 25-foot) centers have 
beer! reported (Davis 1990); but in other studies cormjrants simply landed on the levees and 
walked under the wires into the ponds (Barlow and Bock 1954). Overhead wire systems may be 
more prsc:ical for small ponds. Keller (1999) found that overhead wires, in,conjunction with 
harassment eEorts, were effecrive for protecting smaller (0.2- to 2.5-ha; ca. 0.5- to 6-acre) ponds 
from great cormorants Pha~acrocnrar carbo in Germany, but May and Bodenchuk (1992) 
concluded t h a ~  an overhead wire grid strucrure was inpractical for a 3.7-ha (ca. 9-acre) catfish 
pond unde: current cultural pracrices. Although cunent research may help resolve some of these 
conflicting results, overhead wires may p0se.a problem due to interference with harvesting and 
i h e r  c ~ l t u a l  pracdces (Motr and Boyd 1995). Where practical to use, overhead wires should be 
, >  . .  . r-7-p--2zzz - 8  - - - I -  - - -="  . .  . L,.c>.-L >.:Lc--Jz:s [C +7:3.+: ;'-sir v ~ + ! ~ - .  2r z r:?: ~ ~ 2 T 3 j  :: cc:..-L2:zfl:< z;.; c+e: 
. ~ , . .  . , 2>,i23 S:SC!:S cr.ai n"), c' 1r:c:ed o), 1 r . z ~  \:..ires (>,\/io:: 23: 59.. 6 1595) 
Po- - .  1, st: ,.=- - ?  . . . , -  . 1 ,  D .  ..,L~-.. ci, ei.:r;?~2;! W.!T~S !CC!"C: rlncr!zz ro;es 272 rzasr'.ia:z: ,cri?s. >,Icx : 
- 
~ 1 .  (1 993) sz2:ed !23gt& ~ i 9 . 5 . ~ ~ ~  ('/8-i2;3) p31y:;?_.:!:~e :Ope v;i;h ~:;z-,hec ?loas 2: 1 j- 
. . . . , 
~3 (55- t, Sj-foor) in:er;;a!s Ecross fi;:~ c2rzsk 3 2 p j ~ :  pe,?endiculzr pre-geii;rG - v.;;;l.ds 
-. . . . .  . . . i 5:s  s.,.sTex ts.zs effective iX :;lcp.r;irr; como;an; 5cc-s; n,2: i nc i -v . l s i l  bir$s, fo: 3 {o 8 VY.P=~.-  
- -.--%>: 
2x6 ~ ~ p e a a : e 3   re i:acricej far 2roi~c:in.i - l.-se (>2 k,a; 5aci.z~) ~ 2 n d ~  thzn ove-hez? wires 
;-Io;i.-~~i:;, the presence o i a  i?umSe: of unpro ix~cd  po& ix ih? viziniq n a y  h - ~ e  influence6 the 
,-- 
rzx!:: (G!dx er zi 20002). Lnd-,rwzre; b ~ z i e r s  or Dar:l,- s ~ s t e ~ s  could iheoreiicai!y inmiere 
. . 
v.,~:.n. cornoranis' pu~suit of catfish (Barlou- an:! Bock 19841, bvr s:cdies using submzrged nets 
to deter corxorants did nor reduce cornloran; use ofponds and prescmab!!; their depredation of 
. ,- 
catfish (Go~fr ied 19138). Although barrier systems may show pioinissror certain situarions, mLyj 
catfish farmers may find tlienl impractica! d x  to thcir ii:terference with multi-year harvesti~?g 
(Moa and Brunson 1995). 
Due to the prac~ica! limitations of escllrsion an3 barrier techniques, cormorani depredation 
conuol has focused almost exclusively on frightening strategies, reinforced with ietha! control 
(U'ywialowski 1999). Typically, this involves personnel patroliing pond levees i n  a vehicle and 
shootingpyrotechnics and shotguns at birds (Stickiey and Andrews 1989). Despite the widespread 
use of this "harassmeni patrol" strategy, very little is known about its overall effectivenes's in 
reducing cormorant depredations (Moti and Boyd 1995) I11 Europe, Moerbeek et a!. ( 1  987) found 
that such frightening strategies were insufficient to deter great cormorants from fish ponds. 
Similarly, Reinhold and Sloan ( I  999) reported that cormorants in Mississippi quickly returned 
to catfish ponds afier being harassed or simply moved from pond to pond, negating efforts to 
reduce depredations. 
Supplemental frightening devices, including propane cannons, recorded distress calls, sii-ens, 
and particularly human effigies, can enhance the effectiveness of harassment patrols (Litiauer et 
a!. 1997). For instance, Stickley et al. (1 995) found that an electronicaliy inflatable human effigy, 
used in conjunction with harassment patrols, caused a dramatic reduction of cormorant numbers 
onponds. Similarly, A. R. Stickley (USDA-National Wildlife Research Center, Mississippi State, 
Mississippi, unpublished report) observed more than 90% reduction in cormorant numbers on 
ponds when inexpensive stationary human effigies, periodically replaced by shooters, were used 
to supplement harassment patrols. Regardless of supplemental techniques used, cormorant 
harassment programs must be consistent and aggressive to be effective (Linauer et al. 1997). 
Starting harassmenr. early in the fall and moving supplemental devices often is also recommended 
(Litrauer et al. 1997). Automation of cormorant harassment is not possible with passive devices 
such as propane cannons alone (Littauer et al. 1997); but in the future some auromation might be 
accompIiched by fiightecing devices that are remotely triggered by farm personnei or fne birds 
themselves (Larry Clark, USDA-National Wildlife Research Center, Fort Collins, Coiorado, 
personal communication). Despire possibie- improvements in harassment procedures, cormorants 
can quickly habituate to frightening devices that provide no nezative reinforcement. 
To reinforce harassment patrols, limited kilIing of birds has ofien been recommended as par;: 
of an integrated damaze management plan (Hess 1994; Masrangelo et al. 1995; Litrauer er a!. 
1997) Although the take of cormorants was previously limited under depredation permits issued 
by the U.S. Fish and Wildlife Service: carfish farmers, in consul~a~ion with USD.WWi!d!ife 
Servicesl are now aliowed to shoot an unlimi~ed number of cormoranrs a? their farms under a 
ae~redaiion order issued by the U.S. Fish and Wildlife Semice in Mach 1998 (USDI-FWS 1908). 
L n l ~ e d  infa~rr;.z:icr! e:<is;s 2s :a ~ k e  r^r'c:i;.enzss of c n h i r z l i  !e:M c~z:rol in r,ducing 
. . > .  . 7 r > dearedations. Hawel;z, I-;'as ( 1  932) evaluarec me unl!rn!tea r a k  of CO.~IT.O:E~IS ar severe! CXI:SZ 
. ,- f ~ m s  anc  ~oci;.d t h ~ t  only 390 c o ~ ~ o r l n i s  %ere killed by ? a m  ~ e r s o m e l  iz  over 3,000 Ferson- 
hours o i ' s h o o ~ i n ~ .  Hz artribured the low rate of kill ro cormorants IeaEicg to avoid bzing shoi and 
re?orizd tha; fev;er cormorants aEempied to use ponC complexes where shooting was deployed. 
To increase the t ~ k e  of cormorars arid presumably increas: the effectiveness of shooting ;bi 
reducing lepredaUons, rhe cormorznt depredation order allows catfish fzrmers ro implement 
strategies similar to those used by waterfowl hun~ers,  such as using decoy ,  blinds and 
cmouflaged cloihing (USDI-FWS 1998). Employing such tacticsmight enable f m e r s  to reduce 
cormorant depredations at their farms; but has never been evaluated. However, such tactics, 
particulariy the use of decoys, have been effective in luring cormorants w i ~ h i n  shotgun range 
(Glahn et al. 1995) 
Coordinated dispersal of cormorant night roosts has been used to redistribute roosting 
cormorants away from the catfish production region of northwest Mississippi (Glakn et al. 
2000b). Roost dispersal involves simultaneous harassment of all known night roost sites 
impacting catfish production areas and is coordinated by USDMWildiife Services (Reinhold and 
Sloan 1999). Catfish farmers are assigned to all known roost sites and they fire pyrotechnics as 
cormorants enter the roost in the evening for three consecutive nights, or until the roost is 
dispersed (Reinhold and Sloan 1999). Although shooting in roosts can be equally effective as 
pyrotechnics for dispersing cormorants (GI& 2000), it is not currently authorized under the 
cormorant depredation order (USDI-FWS 1998). However, low-powered lasers are also effective 
in dispersing cormorants from their night roosts (Glahn et al. 2001) and can be used as an 
alternative to pyrotechnics where disturbance of other wildlife is a concern. 
Several studies evaluating mght roost harassment indicate that cormorants temporarily shift 
their roosting activity from harassed sites and relocate to areas where they normally cause iess 
damage (Mott et al. 1998; Glahi? et al. 2000b). In response to shifting roosting populations, 
cormorants observed in the vicinity of catfish ponds have been reduced by 70 to 90% (Mott et al. 
1991 ; Mott et al. 1998). However, these reductions are only temporary and roost harassment must 
be repeated regularly throughout the winter (Reinhold and Sloan 1999; Glahn et al. 2000b). 
Although night roost dispersal of cormorants does noc eliminate the need to harass cormorants 
from catfish ponds, i t  can substantially reduce the amount of harassment effort needed on farms 
where birds from nearby roosts are causing severe problems (Mott ec al. 1998). Logistic 
limitations and the need for extensive coordination nlay limit the utility ofthis procedure in ocher 
catfish producing regions (Reinhold and Sloan 1999). An initial assessment of the extent and 
proximity of alternative roosting habitat to catfish production areas is needed to determine 
whether roost harassment programs may be logistica!!y practical to implement (Iv!ott et al. 1998). 
In northwest blississippi, the doubling of the cormorant population in recenr. years and a similar 
increase in the number of known roost sites has made it increasingly difficult to maintain an 
effective coordinared roost dispersal program. This has required a substantial increase in effort 
to maintain cormorant numbers in the protected area at levels equaling those recorded before the 
start of roost harassment efforts (Glahn et al. 2000b) 
Because of the negative effects of increasing cormorant populations and the limited 
effectiveness of present damage management efforts, proposed strategies for managing various 
cormorant depredations have focused on reducing cormorant populations to biologically and 
socially acceptable levels (Reinhold and Sloan 1999; Glahn et al. 2000a). Glahn et al. (2000a) 
suggest thac reducing or stabilizing cormorant populations to preset population goals will require 
1 , .  
r ~ r " i ~ t ~ n s ! ~ e  C32!:310? 1.12 wn::rinz - - e r o u ~ d s  (1 e.; cu l i rg  z d ~ l r  birds ir roos:s): canirol or: thz 
. > .  breeding gromds (i.e.: 222 oiiinz z.3 cul i in ,~ ad~l i s ) ,  o;z ~ @ ~ ? . b i l ? ~ i i ~ ? ~  o f b o h .  Ho~vever, credihi: 
- 
maxgsmen?  of cormorm; popu!ztions ~ i i l  bencfi; fro= 1% de1;elopmenr of 2 pop~!arion 
dyramics model that tvili pred~ct the type 236 exlenr of cont;ol needed to reduce ~ 2 ~ o r m r  
. 
populetiocs impacting the carfish i n d u s ~ ~  still maintain viable com.oran~popula~ior,s ( G l a h  
et a!. 200Oa). The benefits of managing camorant  populaiions should be based or! alleviaring 
dzrnage (Werner 2000), bu: are difficu!: to predict. Manzsing c o m o r m t  populations is un!ikely 
to be a pmacea for reso!virig cormormt depredations or. catfish. Instead, it should be viewed as 
2 means of enhancing or resrorin~ the effecriveness of current damage management strategies 
(Glahn et a1 2000a). 
With methods of alleviating cormorant depredations focused largely on managing eiiher 
cormorant populations or their foraging activity or: catfish ponds, little information exists on the 
effects of altering catfish cdturing pracrices to reduce depredation losses. However, a number of 
possible alternatives have bcen proposed by several authors (Barlow and Bock 1984; Moerbeek 
et al. 1987; Mott and Boyd 1995). These include reducing pond size, delaying stocking, and 
reducing stocking rates. Reducing pond size would help facilitate installation and maintenance 
of bird exclusion structures, but is impractical because most ponds have already been constructed 
(Glahn et al. 2002a). Mott and Boyd (1  995) recommend locating fingerling ponds or other ponds 
especially susceptible to depredations near areas with the most human activity (e.g., farm shops 
and offices). This would capitalize on the natural fear that cormorants have for humans and 
facilitate harassment of birds on these ponds. 
Delaying stocking of fingerlings into grow-out ponds would allow more concentrated bird- 
control efforts at fewer fingerling ponds. By not stocking fingerlings into grow-out ponds during 
the winter months (November to mid-April), food-fish producers would avoid almost the entire 
period of cormorant predation (Glahn et al. 1995) during a period when catfish are not likely to 
grow appreciably (Tuckei- and Robinson 1990). However, delayed stocking may be inconsistent 
with multiple-batch cropping systems that are prevalent within the catfish industry (Tucker and 
Robinson 1990). 
Reducing stocking rates has been suggested as a means of reducing cormorant foraging 
efficiency (Barlow and Bock 1984) which, in turn, could reduce the attractiveness of catfish 
ponds (Mott and Boyd 1995) Conversely, higher stocking rates, which are clearly the industry 
trend (CEAH 1997b), may mitigate the effects of cormorant predation on catfish production. 
Glahn et al. (2002a) adapted pond production data from studies where research ponds stocked 
with either 18,500 fishiha (ca. 7,500 fish/acre) or 25,000 fisNha (ca. 10,000 fish per acre) incur- 
red a range of fingerling mortalities. They assumed that cormorants were responsible for all 
observed mortalities and consumed catfish at an average rate of 7 catfisNbird per day, and used 
aregression model to predict the effects of cormorant use of ponds (cormormt-days,ha) on catfish 
production (Fig. 16.2). Considering that cormorant use of these more densely stocked ponds 
would remain comparable to that of ponds stocked at lower rates (500 cormorant-dayslha), 
cormorant losses would be proportionally lower and have less effect on production at harvest 
(Glahn et al. 2002a). 
Other practices suggested to reduce cormorant depredations include the use of "buffer prey" 
to deflect predation from catfish and the addition of pond dyes 10 reduce the visibility of fish 
during cormorant pursuit (Mott and Boyd 1995). Stickley et al. (1992) noticed that cormorants 
foraging in one catfish pond appeared to prefer wild gizzard shad, which were more easily 
manipulated and swaliowed than catfish. However, subsequent conuoIled studies with captive 
Cormorant predation (cormorant-dayslha) 
F I G U R E  16.2. Relat ionship between simulated c o r m o r a n t  predation (cormorant-daysfha) and  gross catfish 
production (kglha) in research ponds stocked with 18,500 o r  25,000 fishlha (Hanson and  Li, unpublished 
data). Cormorant -days lha  were calculated from observed mortal i t ies  assuming  tha t  cormorants  remove 7 
catfishibird per  day  (Glahn et al. 2002a). 
cornorants suggest that despite "buffer prey" having some benefits in reducing production losses, 
cormorants exhibited no preference for more readily-manipulated buffer prey (i.e., golden shiners) 
(Glahn and Dorr 2002). Even if preferred "buffer prey" could be identified, use of buffer prey to 
reduce cormorant depredations on catfish remains controversial because of the possibility that 
more attractive prey in catfish ponds may simply attract more cormorants (hlott and Boyd 1995). 
Along similar lines, some authors (Erwin 1995; Mott and ~ o y d  1995) suggest the development 
of alternative foraging sites stocked with preferred buffer prey. However, the effectiveness of 
such a procedure would rely heavily on maintaining a density of buffer prey that would not be 
quickly depleted by cormorant populations foraging in the area (Glahn et al. 2000a). The use o f  
pond dyes has been recommended to reduce the visibility of fish to cormorants (Mott and Boyd 
1995), but has never been evaluated. However, the natural turbidity (Secchi disk readings less 
than 40 cm) of most catfish ponds suggests that cormorants do not require. good visibility to 
pursue and capture catfish (Glahn et al. 2000a). 
With the exception of total exclusion with netting, no single control strategy is likely to 
reduce cormorant depredations on catfish to acceptable levels (hlott and Boyd 1995). Where 
practical, combining strategies would most likely be the best approach. For instance, a catfish 
farmer might delay stocking fingerlings into grow-out ponds and use overhead wires, floating 
ropes and other barriers in combination with intensive harassment patrols of fingerling ponds and 
nearby roosts. As cormorant problems inrensify and the need to stock fingerlings becomes 
16.2.6 Costs and  benefits of control 
T1 i n e  ccss and benefits of control n~et:?ods used to reduce cormo;anr d~pr~d2i ioi ls  V X ~  
comiderahly. Ty~ically; esciusion 2nd barrier systems hzve the 1 a . g ~ :  cosis. but have lor~per-term 
bene5ts. Supponed nctring is the only complerely effective, long-tern1 soiu'iion to excluding 
cormorants iron1 ponds, but is econornica!ly impractical. Lirtauer et al. ( 1  997) es:imaied that it 
would COST approximately $1 million to eilclose 40 ha (ca 100 acres) of ponds. Although 
overhead wires are somewhat less efi'ec~ivc than netting. costs are lower: and such systems may 
be cost-effective for protecting sn~aller ponds. Keller (1999) found that overhead wires spaced 
7.5 rn (ca. 25 feet) apart were cost-effect~ve in  protecting smalier (0.2 to 2.5 ha; 0.5 to 6 acre) 
ponds from cormorant predation in Gemlany when prorated over the 10-year life spail of the 
system. Becausc some cormorants may learn to evade widely spaced wire systenis (Moerbeel.: et 
al. 1957; Keller 1999): additional costs of frightening devices may also be realized. 
Although the costs ofdcploying frightening and lethal control strategies are typically less than 
exclusion and barriers, the need for almost continuous harassment of birds by one or more 
personnel over an increasingly long wintering period can be costly. Littuaer. et al. (1997) 
calculated the costs (labor and n~aterials) of deploying a frightening program on a farm 200 ha 
(ca. 500 acres) or less to be $20,000 over a 5-month period. Also, Wywialowski (1 999) reported 
that Mississippi catfish producers on average spent almost $9,00O/year for wildlife damage 
control and that control costs varied with catfish sales. Considering cormorant depredation losses 
estimated from observations, Stickley et al. ( 1  992) concluded that efforts to repel cormorants 
h-om ponds were well justified and economicaliy reasonable based on replacement costs of catfish 
alone. Assuming harassment patrols are effective in depredations, a more recent economic 
analysis confirms this conclusion (Glahn et al. 2002a). The benefit of shooting an uniimired 
number of cormorants, as permitted under the depredation order, has not been thoroughly 
assessed. However, Hess ( 1  994) found that cost-effectiveness varied among pond complexes and 
was greatest where there were large numbers of cormorants in the vicinity of ponds. 
Relative to the costs of harassing cormorants on ponds, the costs to farmers of cormorant 
dispersal programs are relatively sn~a l l .  Based on costs of pyrotechnics and labor, the total costs 
of roost dispersal programs were $16,757 and $32,303' during the winters of 1993-94 and 
1994-95, respectively (Mott et al. 1998). However, the average cost to each participating catfish 
producer was only $4 19 and $557, respectively. Although cormorant roost dispersal does not 
eliminate the need to harass cormorants from ponds, because of it, the costs of harassment on 
ponds are reduced (Mott et al. 1998). Compared to costs of harassing cormorants from ponds 
before roost dispersal programs began, catfish producers in areas where cormorants were 
dispersed reported average annual savings of $1,406 and $?,2 17 in the winters of 1993-94 and 
1994-95, respectively. Thus, roost dispersal programs appeared to be cost-effective in those 
years. However, increasing cormorant populations, combined with increasing numbers ofknown 
roost sites have resulted in increased cosrs of implementing this program and diminished its 
benefirs (Glahn et al. 2000b). 
Costs of implementing changes in culture practices vary greatly and their benefits in reducing 
cormorant depredations are sometimes unclear. Some costs may be very high with doubtful 
benefits. For example, reducing pond size might facilirate installing bird exclusion systems; 
~-.cL~,svz;, 902d c c c s ~ ~ c i i o n  cost, a major capiial expendiiure, increases as p o d  sizz d e x ~ a s e s  
. ,. ( G 2 ~ 2 d  t: e!. 1990). .A!rhoucih ihe ab-erqz size oinew.ly cons:ruc& ponds has decrees4 sligk~!? 
;'ram 6 ha ra : 8 ha (Tcriil Harison, hlississi~pi Siate U~iversity,  unpublis:?ed repon), there is no 
. - 
zroLmLzi:ion to suggest that ponds of 4 ro 5 ha (ca. 10 to 12 acres) are sna l l  enough ro make 
exclcsior_ bar;iers przcricai. In cont~ast,  delaying stocking of f ingerhgs  into grow-out ponds may 
have no associaied cosrs because of rhe limited ,orowh of ihese fish duiing winter months (Tccker 
acd Robicson 1990). However, de!aying stocking until late spring zfier cormorants leave n a y  
increase rhe risk of stress-related disease outbreaks (Glahn et al. 2000a). 
Decreasing smckicg rates of ponds might reduce the attractiveness of ponds to cormorants, 
b ~ r  1s counterinriiirlve to improving net returns. Increased stocking rates (up to 25,000 fish!ha; 
ca. 10,000 fisNacre) has become a potentially cost-effective means to improve yields, since the 
costs ofaddltional fingerlings have remained relatively low (Engle and Kouka 1996). This trend 
continues despite research suggesting that increased stocking rates do not necessarily increase ner 
returns (Tucker et a!. 1992). Although water qualiry problems and associated disease outbreaks 
may be closely associated with stocking density (Tucker et al. 1992), there is no evidence that 
cormorant depredation problems are associated with stocking density or other culture practices 
(Brian Don ,  USDA-Kational Wildlife Research Center, Mississippi State, Mississippi, persona! 
communication). If cormorant depredations remain consrant at variolis stocking densities, then 
limited dam. from research ponds suggest that catfish production from ponds stocked at either 
15,500 to 25,000 iisNha (7,500 to 10,000 fishlacre) would not be negatively impacted at 
calculated depredation rates simulating 30 cormorants foraging on a pond for 100 days (Glahn 
ci a1 2002a). However, further research is needed to determine optimal stocking rates with 
respect to cormorant depredations that maintain acceptable profit margins (Glahn et al. 2002a). 
16.3 WADING BIRDS 
Wading birds include several species of long-legged wetland birds that have long been implicated 
in depredation problems to aquaculture in the United States (Cottam and Uhler 1945) and Europe 
(Draulins 1985). In addition to catfish, these problems have been associated with depredations 
on [rout (Pa~.khurst et ai. 1992; Pitt and Conover 1996; Glahn et al. 1999a), bait fish (Hoy et al. 
1959), and ornamental fish (Avery et al. 1999). The two primary species implicated in depre- 
dations on catfish are the great blue heron Arden hei-odizrs and the great egret Arclea alha (Hodges 
1989; Ross 1994; Glahn et al. 1999b). Snowy egrets Egretfa thzila, little blue herons Egretia 
crrcrziiea, black-crowned night herons ivyciicorcrx nycl icura~,  and wood storks h(ycieria 
crnsricana have been infrequently observed at catfish farms (Glahn et al. 1999b), but there is no 
evidence to suggest that they cause any signiiicant losses of catfish. This is particularly true of 
the cattle egret B L ~ L L I C U S  ibis, which may frequent catfish farms but does not feed on fish 
(Stickley 1990). 
16.3.1 Identification and biology 
The great blue heron (Fig. 16.3) and the g ~ e a t  egret (Fig. 16.4) exceed 1 m (ca. 3 feet) in height 
and except for the wood stork, are the largest wading birds observed at catfish farms. The great 
blue heron is slate-blue in color and may have a black and white head. The great egret is all whire 
in color with a yellow bill and black legs. In connast, the wood stork is white with black wings 

z7Ac - - , '  L:. Lnlike ih2 7r22: bl:x h z a n  azd g t a i  egret, rh2 u o o d  srcr4 has a broad c r ~ d  bill. 
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" .  . Itenn<. in? cnarzc;eris:!cs o f i h ~ ~ e  22d szaj lzr  herozs a r k  egr-rs v;e:z sumnarizec! by Srickiey 
(1 9!Xj. 
Grzat blue hzrons (hereafie; calied hcons)  and grzzi egrets ( h e r e a k r  cal!ed egrets) are visual 
. > kragers and forage on carfish ponds e h o s ;  exc1us:ve~y durii?,o daylight hours, des2ite some 
hercils being present ar night (Scicklzy er al. 1995; G l a h  er al. 1999b). Herons m d  egrers 
~ c i c a l l y  stand and \iY.a!t, or walk along pond edges to obtaic fish prey that occurs in rhe lizoral 
zones of !akes ar,d ponds (Willard 1977). However, both siecies are hrown to use a vviety of 
behaviors, inciuding landing in the middle of carfish ponds, to obtain fish (Ross 1994). Although 
hzrons sometines forage alone, egrets are gregarious m d  !arge aggregations oiborh species form 
a: sires with high prey availability (Kushlan 1976). In murky-water situations like catfish ponds, 
prey availability increascs when conditions exisr that bring fish close to rhe surface (Glahn et al. 
2001). However, low-water situations, which most ofien occur in watershed ponds, may also 
increase prey availability to wading birds ( ~ u s h l a n  1976). 
16.3.2 Distribution and numbers  
Herons and egrets are the most widely occurring fish-eating birds at most catfish farms and occur 
on the ponds throughout most of the year. Glahn et al. (1999b) found wading birds present at 59 
of 67 (88%) randomly sampled catfish pond complexes in northwest Mississippi. Numbers of 
herons and egrets varied with location, season, and time of day, but in 1996 the average 127-ha 
(3 15-acre) catfish farm in northwest Mississippi was estimated to support about 75 herons and 
56 egrets. Ar these densities, populations at all catfish farms in nonhwest Mississippi was 
estimated at approximately 25,000 herons and 18,000 egrets (Glahn et al. 1999b). Compared to 
heron survey results from some of the same complexes in 1990, heron populations at these farms 
had increased eightfold (Glahn et al. 1999b). 
Heron abundance on catfish ponds is typically low (0 to 3 birdslpond), but herons concentrate 
at ponds where fish are diseased and where fish are being fed (Glahn et al. 2002b). Disease and 
fish-feeding bring catfish to the surface where they are more vulnerable to heron predation. 
Similarly, egrets appear to be most attracted to fingerling ponds where fish are dying (Hodges 
1959). 
16.3.3 Diet and depredation problems 
Consistent with the wide distribution of herons at catfish farms, 42% of catfish farmers 
rzsponding to a nationwide survey reported that herons.cause depredations on their fish stocks 
(W~wvialowski 1999). However, only 16% of the same producers cited egrets as a problem. 
Similarly, when 47 cattish farm managers were asked to rank the importance of avian predators 
at their farms, 8 1% ranked the great egret third after the cormorant and great blue heron (Glahn 
et al. 1999b). Thus, catfish farmers perceive egrets to be less o f  a problem than herons. In fact, 
studies of the diet and foraging behavior of both herons and egrets raise some questions regarding 
the extent of their depredations at carfish farms. 
Herons and egrets are primarily fish-eating birds but eat a variety of vertebrate and 
invertebrate prey (Cottarn and Uhler 1945)1 At catfish farms in Mississippi, most of the heron diet 
consisted of wild sunfish Lepomis spp., gizzard shad, and mosquito fish Gambusia spp. (Stickley 
er al. 1995). Based on observations, the heron die1 consisted of 43% by weight of live catfish 
Healthy Mild Moribund Unknown 
Disease Severity 
FIGURE 16.5. Percentage of  catfish clinically diagnosed by disease category tha t  had been captured by grea t  
blue herons from selected catfish ponds  in nor thwes t  Mississippi where  herons were concentrated 6 birds) 
d u r i n g  the fall and  winter  of  1998 (n = 55) o r  w h e r e  herons took catfish from ponds dur ing  the summer of 
1998 and 1999 (n = 63) (Glahn et al. 2002b). 
averaging approximately 15 cm (6 inches) (Glahn et al. 1999b). The remaining diet consisted of 
dead catfish and wildfish The diet of egrets contained even fewer (28 to 35% by weight) catfish, 
averaging 10 cm (4 inches) in length (Ross 1994; Glahn et 21. 1999b). However, only 8% of the 
diet was judged to be live catfish (Glahn et al. 1999b). ~he ' s i ze  of catfish consumed is consistent 
with observations suggesting that egrets forage primarily at fingerling ponds (Hodges 1989; 
Glahn et a !  1999b) Most of the catfish consumed by herons and egrets are taken in the spring 
or fall when catfish diseases are common (Stickley et al. 1995; Glahn et al. 1999b). This is 
consistent with a recent study (Giahn et al. 2002b) indicating that 85% of live catfish captured 
by herons congregating at ponds in the fall and winter were diseased and 76% were judged by a 
pathologist to be terminally ill (Fig. 16.5). In contrast, most (75%) of the live catfish consumed 
by herons at ponds where catfish were being fed were healthy (Fig. 16.5). At times other than 
during fish feeding, studies of captive herons suggest that they are inefficient at capturing healthy 
catfish and may survive primarily on diseased catfish and wild fish in ponds (Glahn et al. 2000~).  
Because herons and egrets prey on large numbers of diseased and dead catfish, these birds 
could transmit disease organisms from one pond to another. Taylor (1992) identified the 
bacreriurn Edwardsielia ictaluri-responsible for enteric septicemia of catfish ( E S C t  from both 
h z r c s  =d e p r ;  Ho~,ve.~er, LL-a:ers~rzt ?: 21. (1 999) ;+ere x z b l e  ro cultcre v i z b ! ~  ESC orza~-.lijEj 
-, . . frSATi f z c ~ !  ,,..,.,s q q m 7 ; a -  oi nerocs repzace?ly i d  c2:fish Zngeriicgs [ha: had been ~iljecied uirh hig3 
concm:rario~s of ESC orgznisms. High body ~einperatures ('1 "C; 106°F) cf iierons (Wa:eistrat 
et a!. 1999) a d  egrets (J F .  Gldm, USD.4-Karional Wi!dlifc Resezrch Center, hlississippi Siate, 
b\i!ississippi, cnpublishzd data) scppressedrhe growdl ofthe E. icralzir; in the gasrrointestinrl iract 
of these birds, thus limi~ing their role in disease transmissior, among ponds (Wzterstrat et al. 
1999). Because major catfish diseases such as ESC and c o l m m r i s  are caused by organisms that 
are ubiquitous in ponds and fish populations in the lower Mississippi Valley, their transmission 
by birds is probably not a major factor in the sprezd and severity of disease wirhin the catfish 
industry (Tucker and Robinson 1990; Taylor 1992). However, this may not be the case with 
parasitic diseases such as proliferative gill disease, and further research is needed to clarifj the 
role of birds as disease vectors. 
16.3.4 Economics of depredation 
Estimates of the economic impact of heron and egret depredations have been largely based on 
daily rates of live catfish consumed, assuming replacement costs of catfish obtained from 
fingerling ponds (Glahn et al. 1999b; Glahn et al. 2002b). Based on energetic models, herons 
consume approximately 300 g (0.67 pounds) of fishhird per day (Schrarnm et al. 1987; Bemet 
1993) and these estimates have been confirmed in captive feeding trials with catfish as prey 
(Glahn et a]. 2 0 0 0 ~ ) .  From this daily consumption rate and a diet of 41% catfish, Stickley et al. 
(1 995) calculated that herons consumed 123 g (0.3 pounds) of catfish/day or about 12, 10-g 
fingerlingslday. Based on observing an average of 22 herons per 126-ha (ca. 3 15-acre) farm, 
Stickley et al. (1991) calculated a maximum replacement cost for a farm this size to be 
$3,800/year. Corresponding with the increase in heron populations at Mississippi catfish farms 
i n  1996, Glahn et al. ( 1  999b) updated this figure to $1 1,4001year. Such loss estimates assume that 
fingerlings consumed by birds would not have died from other causes. Contrary to this notion, 
however, recent studies indicate that most catfish consumed by herons were diseased and would 
have died anyway (Glahn et jl. 2002b). This finding is consistent with studies of captive herons 
foraging on research ponds suggesting a minimal impact on fingerling catfish production horn 
heron foraging activity (Glahn et a!. 2 0 0 0 ~ ) .  The exception is heron depredation activity d~lring 
times when catfish are being fed. However, the seasonal occurrence of fish feeding, combined 
w ~ t h  the brief time that fish come to the surface to feed. limit the extent of depredations. Based 
on heron numbers and their consumption rate of live catfish at these times, Glahn et al. (2002b) 
projected an annual loss per pond of only 575 fish or less than 1 %  o f  catfish populations in either 
grow-out or fingerling ponds. 
A!though the economic impact of egret depredations has not been extensively studied, it is 
nlos: likely less than that caused by herons because of several factors. Egrets weigh only about 
haif that of herons and, based on energetic demands, would require only 169' g (0.42 pounds) of 
fish/bird per day (Schramm et al. 1987). However, their diet appears to be comprised of only 8% 
live catfish, the remainder being wild fish and dead catfish. Based on field observat~ons, Glahn 
et al. (1999b) estimated that egrets might be consuming 4.5 fingerlingslday. Considering the 
average egret density of 56 birds/farm in 1996, egrets were estimated to consume approximately 
92:000 fingerlings valued at approxirnate~$3,700 (Glahn et al. 1999b). Liks herons, egrets are 
likely to consume diseased fish that may die anyway (Hodges 1989; Glahn er ai. 1999b). Thus, 
their economic impact is probably negligible. 
16.3.5 Prevention and control of depredations 
- 
Carfis:': fzmers  p r imad> use shooting; ve5icie patrols, m3 oiher scxs ~ E C ~ ~ C S  to k e c  wadins 
birds from their ponds (Glah et a! 1999b). Elowever, w z h g  birds c a ~  becoxe resident a: f a n s  
and quick!;), habiruate to scare tacrics (Hodgzs 1989). T h s :  limiie3 ki!lii.g of birds may be 
necessa7 io rciilforce scare tactics (Mmraixylo et al. 1995). Catfish farmers m u 1  obtain z 
depredatioil p e m i r  through the U.S Fish m d  Wildlife Service to shoo; wading birds. Before 
obtaining a ki!l pernit ,  farmers must first coniact USDAIWildiife Services personnel to verify 
that a d e p r e d a t i ~ r ! ~ r o b l ~ r n  exists and that non-lethal methods have been attempted (Mastrangelo 
et al. 1995). 
Where depredation problems persist, perimeter barriers have been recommended for resolving 
wading bird problems (Littuaer et a!. 1997). However, these systems have produced variable 
results and do not prevent these birds from taking fish by landing in the pond or taking fish on 
the wing (Ross 1994). Al~hough perimeter netriing has been recommended to exclude wading 
birds from the littoral zone, in one field trial, herons adapted to this by walking on and foraging 
from the net (Liituaer et al. 1997). A better perimeter barrier might be electric fencing. A simple 
two-strand electric fence set up around five catfish ponds reduced wading bird activity by 9 1% 
(Mott and Flynt 1995). The possible key to the effectiveness of this system is that birds shocked 
by the fence became conditioned to avoid the ponds (Mott and Flynt 1995). 
Good management practices? combined with limited strategic harassment efforts, can alleviate 
most wading bird problems. Maintaining good water quality and reducing stress factors on fish 
will reduce disease problems that appear to atrract wading birds (Hodges 1989; Glahn et al. 
2002b). Good management includes sufficient aeration so that fish are not forced close to the 
surface where they are vulnerable to predation (Giahn et al. 2000c; 2002b). At watershed ponds, 
maintaining a minimum water depth of at least 1 m will also limit exposure of fish to predation. 
Because fish are also vulnerable during fish feeding, strategic harassment of wading birds may 
be needed at these times (Glahn et al. 2002b). Although not a recommended feeding practice in 
the long-term (Tucker and Robinson 1 WO), temporary use of sinking feed might be considered 
for dealing with persistent wading bird depredations during fish feeding. Clearly, if wading birds 
are congregating around selected ponds at times other than fish feeding, catfish farmers are best 
advised to check these ponds for possible disease and water quality problems and to resolve these 
problems first. 
16.3.6 Costs and benefits of control 
In a limited survey in 1996, catfish farmers in northwest Mississippi reported spending $4,000 
amually to reduce wading bird depredations using Scare tactics ( G i h  et ai. 1999bj. Although 
this is only half o f  the cost farmers spend in harassing cormorants (Mott et al. 19981, it may not 
be justified considering that depredation losses, for the most part, appear negligible (Glahn et al. 
2000b). However, in instances where wading birds congregate around ponds during fish feeding, 
limired harassment may be cost-effective (Glahn et al. 2002b). In other instances where deterring 
wading birds from selected ponds is jus~ified over longer periods (i.e., fear of disease 
transmission), use of electric fencing may be more cost-effective than repeated use of scare 
tactics. In 1992, cost of fencing materials was only $404 to exclude birds from a 2.2- ha (5.4-acre) 
pond and required only 6 person-hours to set up (Mott and Flynt 1995). 
FIGURE 16.6. American wh i t e  pelican. 
With the exception of depredations during fish feeding, wading birds may not be detrimental 
to catfish aquaculture In fact, on ponds wii-h a diseased population of catfish, they may be 
beneficial by selectively feeding on moribund fish and reducing the number of infected fish in the 
pond (Watersrrat et al. 1999). In these situations harassing birds from infected ponds could prove 
dekimental if birds disperse disease organisms to surrounding ponds ( G l h  et al. 2002b). 
16.4 AMERICAN WHITE PELICANS 
In 1990, Wildlife Services offices in Arkansas, Louisiana, and Mississippi began receiving 
complaints concerning American white pelicans Pelecanzis ery[hrorhyncho.r foraging in catfish 
ponds (King 1995). Although the brown pelican Peiecanus occidentniis has not been reported 
roraging at inland aquaculture facilities, it has been observed foraging in coastal aquaculture 
settings (Tommy King, USDA-National Wildlife Research Center, Mississippi State, ?vlississippi, 
unp~iblished data). American white pelicans (hereafter pelicans) come into conflict with south- 
eastern aquaculture by exploiting this abundant and readily available food source while possibly 
serving as a vector for disease transmission (King i 995). 
16.4.1 identification and  biology 
In contrast to the brown pelican, American white pelicans (Fig. 16.6) are mostly white. Only the 
primaries and secondaries (flight feathers) are blac!c. The bill and legs vary in color with age. 
Young pelicans have pale, gray-pink bills and legs while adults have yellow to orange-red bills 
and legs. During the breeding season, adult pelicans develop a horny knob on the cuimen (bill) 
and pale, yellowish feathers on the chest and upper wing. With a wing span up to 290 crn (ca. 9.5 
feet) and a m e m  body weight of 6.3 kg (ca. 14 pounds), the American white pelican is the largest 
fish-eating bird in North America (Johnsgard 1993). 
Pelicans are usually present in the southeastern United Stares from November through bfay 
(King 1995; King and Michot 2002), but since 1995 several hwdred pelicans have remained in 
Louisianaand Mississippi until late June. During the summers of2000 through 2003, about 1,800 
. 7 . . p e l i c a ~  rm~ainec: IT, Deira regions ofA?irkmsas an? k11ssis:;ppl (Gieg Ellis, USD.4-Vv-i!ciiif? 
Services, Stoneville,  missi is sip pi, persona! cornrnunicationj. - 
Pelicans loaf ir! groups that vary iz size horn less t h a  one hundred to severa! thousand birds. 
In A ~ k m s a  a d  northwest Mississippi, pelicms lclaf in fiooded agriculturai fields when t ie  
Mississippi River is high and said bars and m ~ d  flats are i~undated (King 1995; King and Michot 
2002). Whefi the Mississippi River is Ion. an2 h e r e  are few available fiooded Iields, pelicans loaf 
on exposed mud fiats and sand bars in large lakes and riGers. .4gricul:ural fields, intentiona!ly 
fiooded for wintering waterfowl: seem puticu!arIy attractive to pelicans. Most pelican loafing 
sites in the Southeasr are open flat areas with little, if any, surroundir!g vegetation. Ic northwest 
Mississippi, pelicans are wary and usually abandon loafing sites disturbed by increased human 
activity. In south Louisiana, however, pelicans seem less wary and have used the same crawfish 
pond levees as loafing sites for the past several years, despite hurnm activity (Kin? 1995, King 
and kIichot 2002). 
American white pelicans are diurnal and nocturnal foragers (King 1995). However, pelicans 
in south Louisiana and northwest Mississippi forage primarily during the morning and afternoon 
(King and Werner 200 1). Pelicans feed singly, in smal! groups (2 to 25 birds), or in large groups 
ofmore than 25 birds (King 1995). When foraging singly or in small groups, pelicans usually dip 
their bills to search for food as they swim. When cooperative!y foraging, pelicans herd their prey 
toward shallow water by swimming side by side and synchronously dipping their bills (Anderson 
1987; Hart 1989; McMahon and Evans 1992; Johsgard 1993). Pelicans have been known to fly 
up 10 305 km (1  90 miles) from a breeding colony to a feeding sitc (Johnson 1976) and prefer to 
forage in shallow water (Anderson 1987; lohnsgard 1993). Due to the relatively shallow water 
depth and high fish stocking densities, catfish ponds provide a nearly perfect foraging 
environment for pelicans (King 1995) 
In south Louisiana and northwest Mississippi, pelicans were monitored to determine their 
daily activity budgets while using different habitats such as catfish ponds, crawfish ponds, rivers, 
lakes, and bayous. Pelicans foraging at catfish ponds spent about 4% of their day foraging and 
96% loafing, whereas pelicans foraging in other habitats spent about 28% of their day foraging 
and 72% loafing. This difference may be due to pelicans being more efficient in obtaining their 
food requirements from catfish ponds (King and Werner 2001). 
16.4.2 Distribution and numbers 
Most pelican biologists believe that American whits pelicans are separated by the continental 
divide into two geographically distinct populations (King 1995). In 198 1, the entire North 
American population of American white pelicans was estimated at 109,000, with about 77,000 
birds wintering and summering east of the Rocky Momfains (Johnsgard 1993 j. Although 
published dam on the sa tus  of the pelican population since 198 1 are lacking, the current eastern 
population is estimated at more than 120,000 birds (Tommy King, USDA-National Wildlife 
Research Center, Mississippi State, Mississippi, unpublished data). In the United States, the 
largest known breeding colonies of .kmerican white pelicans east of the Rocky Mountains are ar 
Chase Lake National Wildlife Refuge, North Dakota and Marsh Lake, Mimesota. 
The eastern population of American white pelicans migrates primarily through the Great 
Plains and along the Mississippi River a i d  winters in the lower Mississippi River Valley and 
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FIGURE 16.7. Distribution ('!'o) among pr imary  foraging locations and mean ( + s t a n d a r d  e r r o r  of  the mean) 
flocksize o f A m e r i c ; ~ n  white pelicans observed on catfish ponds (CFP),  rivers, and lakes dur ing  aer ia l  surveys 
in t h e  cattish production region of northwest  Mississippi, 1993 through 1997 (King and  W e r n e r  2001). 
censuses conducted in northwest blississippi showed that the numbers o f  pelicans peaked at fewer 
than 7,000 111 February and March, corresponding with the onset spring migration (King and 
Grewe 200 1 ; King and Michot 2002). However, there was no significant increase in wintering 
pelican numbers recorded between 1994 and 1997 (King and Werner 3-00 1). Prior to winter and 
spring 1995, pelicans in Arkansas, south Louisiana and Mississippi usually foraged in large 
flocks. It was common to see more than 300 pelicans flying to catfish ponds, foraging, and 
leaving in one flock. Now however, it is not uncommon to see pelicans foraging in small flocks 
(1  to 50 birds) and recent data suggesr a mean flock size on catfish ponds to be 25 ! pelicans (King 
and Werner 2001; Fig. 16.7). 
16.4.3 Diet and  depredation probiems 
- .  
Although depredation problems associated with pelicans may be significanr. where they occur, 
problems appear more isolated chan rhose caused by cormorants. As many as 2,000 pelicans have 
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could be cocsuixed, and the durarion of pelicm faraging zt cat5jh ponds. For ifisrmce, recenr 
fragmenra:ion of some celiczn Eoragiilg flocks can lessen the impact or, a pond or farm if ihe 
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Although the econonic impact of pelican foraging can be significaiit, rhe poteniia! for 
pelicans TO transmit tremarade infections to catfish ponds can be more devasrating. Emire 
populations of catfish hai,e died from trernarode infections; and managing the disease involves 
frrequent moniioring of fish populations and chemical treatment of ponds to kill the other 
inte,medlate host of the parasite-the rams-horn snai! (see Section 15.1 1) .  
16.4.5 Prevention and  control of depredations 
Prior to the winter of 1992-1 993, pelican depredations at catfish facilities in the delta lesions of 
Arkansas and Mississippi were limited to infrequent visits and the birds were easily dispersed 
from the area. In recent years however, pelicans have become more persistenr in their foraging 
efforts and more difficult to disperse from catfish farms (King 199,j). Damage abatement 
recommendations by King (1 995) have consisted of harassment measures similar to those used 
for cormorants (i.e., harassment patrols, pyrotechnics, electronic noise devices, human effigies, 
and propane cannons), issuance of depredation permits, and draining water from flooded 
agricultural fields where pelicans loaf. Because pelicans ofien forage at night, 24-hour harassment 
patrols may become necessary in areas experiencing problems. In south Louisiana, nocturnally 
foraging pelicans have been easily frightened from catfish ponds using bright spotlights (Albert 
Gaude 111, Clearwater Cajun Fisheries, St. Martinville, Louisiana, personal communication). The 
more recent fragmentation of some pelican flocks makes harassment and dispersal from ponds 
much more difficult. Thus, the most effective technique seems to be harassing the birds at their 
loafing sites near catfish farms. 
16.4.6 Costs and benefits of  control 
Considering the potential for extensive losses caused by pelican foraging at catfish ponds, 
deterring pelicans from foraging on ponds is clearly warranted. If allowed to land on catfish 
ponds, pelicans will immediately begin to fbrage. Therefore, every effort should be made to 
prevent flocks of pelicans from !anding. Prompt and persistent action is needed to preclude large 
losses from occurring. Lack of vigilance by harassment patrols during a mid-day break or at night 
may allow substantial damage to take place despite control efforts. Although the costs of pelican 
control rarely have been reported, during the winter of 1994-95 one catfish farmer in south 
Louisiana estimated his costs for pyrotechnics, ammunition, and labor for pelican harassment to 
be $129,3.'5, with an additional $12,710 spent for exrra road and vehicle maintenance (Albert 
Gaude 111, Clearwater Cajun Fisheries, St. Martinville, Louisiana, personal communication). In 
spite of these expenditures, this farmer estima~ed losing $3 1,227 in fish due to depredations. 
However, without persistent harassment efforts these losses probably would have been higher. 
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